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, OGY [2] (Delayed Feedback Control;




, $t$ , $\mathrm{x}\in\Re^{n}$ $u\in\Re^{m}$ ,
$p$ $p_{0}$
$\delta p$
( , $u=\delta p=p-p_{0}$ ) , $f:\Re^{n}\mathrm{x}\Re^{m}arrow\Re^{n}$
. $p$ $p\equiv p_{0}$ , $\mathrm{x}(t)$
. , $T$ $\mathrm{x}_{T}$(t) .
, $t$ $\mathrm{x}_{T}(t)=\mathrm{x}_{T}(t-T)$ $\dot{\mathrm{x}}_{T}(t)=f$($\mathrm{x}_{T}$(t), 0)
, $\delta p$ $u$
$\mathrm{x}_{T}$(t) . , (1) $\mathrm{x}(t)$ $\mathrm{x}_{T}$ (t)
$u(t)$ . ,
$p$
. , $p=p_{0}$ , $p=p_{1}$























$\xi\in\Re^{2}$ . , $k$ $\xi(k)$ ,
$\xi(k+1)$ $=F(\xi(k),p)$ (4)






$A=$ $\frac{\partial F}{\partial\xi}|_{\zeta=\xi_{f_{\mathrm{t}}}p=\mathrm{p}0},$ $B=$ $\frac{\partial F}{\partial \mathrm{p}}|_{\xi=\xi_{f},p=\mathrm{p}0}$ (7)
.
$\xi(k)$ , $A$ $e_{s},$ $e$u
$\lambda_{\epsilon}$ $\lambda_{u}$ . , $\xi_{f}$ , $|\lambda,|<1<|\lambda_{u}|$
.





. OGY , $v_{u}^{T}B\neq 0$
$p(k)=- \frac{\lambda_{u}}{v_{u}^{T}B}v_{u}^{T}(\xi(k)-\xi f)+$p0(11)
214
, $p(k)$ . OGY , $\xi(k)$ (11)
$\mathrm{A}1$ , , $p(k)=p_{0}$ .







. ( ) (12)
$x(k+1)$ $=$ $(A+BK)x(k)$ (15)
. )Ix– 7 (15) , $A+BK$
. OGY , (14) $K$ , $A+BK$ 0 $\lambda_{s}$






, (15) $\lambda_{1}\ldots\lambda_{n}$ $K$
( , $\lambda_{:}$
) , OGY , $\lambda_{s}$ , $\lambda_{u}$
. , OGY $\xi f$
$e_{s},$ $e$u . ,
, $\xi f$ $e_{s},$ $e$u OGY ,
.
(12) $(A, B)$ .
$(A, B)$ , (12) $x(0)$ $x^{*}$
, $x^{*}=x(k^{*})$ $k^{*}>0$ $u(0),$ $\ldots,$ $u(k^{*}-1)$
. (12) .
, ,
, . $(A, B)$
.
1. $M$ $n$ . , $M$ $n\mathrm{x}nm$
$M=[B$ AB $A^{n-1}B]$ (17)
2. $z$ , $M$(z) $n$ . , $M$(z)
$n\mathrm{x}(n+m)$
$M(z)=[zI-AB]$ (18)
3. $B$ $A$ $v^{T}$ $\lambda$ . ,





. , , time-delayed feedback control,
time-delayed autO-synchronization .
1992 Pyragas[3]











. (20) (22) , x(t) $=\mathrm{x}_{T}$ (t) $u(t)=0$
. , DFC .









$\mathrm{x}(k+1)$ $=$ $f(\mathrm{x}(k), u(k))$ (23)
$\mathrm{y}(k)$ $=$ $g(\mathrm{x}(k))$
, $k$ , $\mathrm{x}(k)\in\Re^{n}$ , $u(k)\in\Re^{m}$ , $\mathrm{y}(k)\in\Re^{\mathrm{p}}$
$u\equiv 0$ (23) $\mathrm{x}_{f}$ . ,



















(25) )–y , .
$\{\begin{array}{l}+1)x(kx(k)\end{array}\}\dashv_{I_{n}}^{A+BKC}$ $-BKC0]\{\begin{array}{l}x(k)-\mathrm{l})x(k\end{array}\}$ (26)
, $x(k)=\mathrm{x}(k)-\mathrm{x}f$ ,
$A= \frac{\partial}{\partial \mathrm{x}}f(\mathrm{x}_{f},0)\in\Re_{:}^{n\mathrm{x}n}$ $B= \frac{\partial}{\partial u}f(\mathrm{x}_{f}, 0)\in\delta\Re^{n\mathrm{x}m}$ , $C= \frac{\partial}{\partial \mathrm{x}}g(\mathrm{x}_{f})\in \mathbb{P}^{\mathrm{x}n}$
. ,






$\mathrm{K}\triangleright$–y (26) (28) , $F(z):=\det(zI-A-BK\mathrm{C}^{\cdot})$
. (28) , $F(z)=0$ $|z|$ $\geq 1$
, $F(1)\neq 0$ . $z$ , $F(z)$
217






. $\det(I_{n}-A)$ , $A$ $\lambda_{:}$ , $\Pi_{1}^{n}$ (1-\lambda






(22) , (29) .
.
DFC[9, 10, 11]
DFC[12] . DFC ,
DFC[13], Newton DFC[14], $\mathrm{D}\mathrm{F}\mathrm{C}[15]$ , DFC[16]
,
.
, DFC [17, 18, 19]. ,
DFC ,
[7].












$\in\Re\hat{n}\mathrm{x}$n, $\hat{C}\in\Re m\mathrm{x}\hat{n},$ $D$^ $\in\Re m\mathrm{x}$n, $\hat{x}\in\Re\hat{n}$ . $u(k)$ ,
$||\mathrm{e}(k)||$ , , $u(k)=0$
$\hat{x}(k)=0$ . , $x_{f}$ )– y
$x_{c}(k+1)=A_{c}x_{c}(k)$ (31)




. , (31). , $F(1)\neq 0$
, $\det(I_{n}-A)\neq 0$ . .
2(30 (30)






















. , $\mathcal{F}$ , $(\mathrm{C}, A)$
$F$ . , $I_{n}-A$ ,
$(C, A)$ $(\mathrm{C}, A)$ .
(34) $\xi(k)$ $\tilde{\xi}(k)$ , $u(k)=\mathcal{K}\tilde{\xi}(k)$
DFC(30) , .
$\hat{A}=\mathcal{F}+$ S$\mathcal{K}?${, $\hat{B}=R+$ S$\mathcal{K}$J (35)
$\hat{C}=\mathcal{K}\mathcal{H}$ , $\hat{D}=\mathcal{K}$J.
,
$\mathcal{F}$ , $A+B\mathcal{K}$ . , $A+BK$
$K$ , $\mathcal{K}=[K 0]$
$A+B\mathcal{K}=\{\begin{array}{ll}A+BK 0I_{n} 0\end{array}\}$
, . .
3(A, $B$) , $(C, A)$ 1. , $\det(I_{n}-A)\neq 0$
, (31)
(30) .
, [13] , , $2n$
.
5.2
, $(C=I_{n})$ . DFC
$(n=\hat{n})$ , [12].
4(A, $B$ ) . , $x_{f}$
$DFC(\mathit{3}\mathit{0})$ $I_{n}-A$ .
, $DFC(\mathit{3}\mathit{0})$ , .
$\hat{A}=(I_{n}-A)^{-1}BK,\hat{B}=-$(h-A)-1BKA(h-A)-1 (36)
$\hat{C}=K$ , $\hat{D}=-KA(I_{n}-A)- 1$
, $K$ $A+BK$ .
DFC $(\hat{n}<n)$ , $I_{n}-A$
DFC .
[12]. $.\cdot \text{ }$ , DFC
, . , DFC




[13] . , $\hat{n}=2n$ .
, $m$ DFC [15]. DFC














$x_{J^{1}}=\{\begin{array}{l}\mathrm{O}0\end{array}\},$ $x_{f2}=-[_{\sqrt{1\cdot 4}/}^{\sqrt{1\cdot 4}}2]\cdot,$ $xf3=-Xf2.$
$xf^{1}$ ,
$A=\{\begin{array}{ll}1\cdot 9 \mathrm{l}0\cdot 5 0\end{array}\}-.$ $B=\{\begin{array}{l}10\end{array}\}$
. $(A, B)$ , $\det(I-A)=-1\cdot 4<0$
, (24) DFC . , DFC(30) .
$(A, B)$ , $A+BK$ 0
$K$ . $K$ , DFC
$\hat{A}=\{\begin{array}{ll}1\cdot 3571 0\cdot 71430\cdot 6786 0\cdot 3571\end{array}\},\hat{B}=.\{\begin{array}{ll}2\cdot 5816 1\cdot 22451\cdot 2908 0\cdot 6122\end{array}\}$
$\hat{C}=$ [ $-$L9-1], $\hat{D}=[-3\cdot 6143-1.7143]$ .
. DFC 1
$[x_{1}(0), x_{2}(0)]=[0\cdot 7, - 0.6]$ . $k=144$ $x_{f^{1}}$
. , $k=115$ $\mathrm{e}$







$-2_{0}1$ $\underline{2}\mathrm{o}_{\mathrm{I}}.0$ $4^{\cdot}\infty|$ $60^{1}0\mathrm{T}$ 800
$\hat{\check{\Re}\simeq}0$









$K(k)\in\Re m\mathrm{x}n$ $k$ $K(k)=K(k+\omega)$ , DFC
$x_{f}$
$\omega$ .
$\{\begin{array}{ll}x(k +\mathrm{l})_{-}x(k) \end{array}\}=\{\begin{array}{ll}A+BK(k) -BK(k)I_{n} 0\end{array}\}\{\begin{array}{l}x(k)-1)x(k\end{array}\}$ (39)
, . $\omega$
$M($ . $)$ , $F=\Phi_{M}(k_{0}+\omega, k0)$ $:=M(k_{0}+\omega-1)\cdots$ M(k0+yM( )




$k=0$ $F=\Phi_{M}$ (\mbox{\boldmath $\omega$}, 0) .
6.1 2
, $\omega=2$ . $k=0$ $F_{0}$ $=M(1)M$(0).
$k=1$ $F_{1}$ $=M(2)M(\mathfrak{y}=M$(0) $M$(y.
.
(Casel) $K(k)=\{$








$F_{1}$ (5rCas l) $=F0$ (for Case2) $=\{\begin{array}{ll}A(A+BK) -ABKA+BK -BK\end{array}\}$ (43)
$F_{0}$ (for $\mathrm{C}\mathrm{a}\mathrm{s}\mathrm{e}1$) $=F_{1}$ (for $\mathrm{C}\mathrm{a}\mathrm{s}\mathrm{e}2$) $=$ (44)
. (43)
$\{\begin{array}{ll}I A0 I\end{array}\}\{\begin{array}{ll}0 0A+BK A^{2}+BKA-BK\end{array}\}\{\begin{array}{ll}I -A0 I\end{array}\}$ ,
, $A^{2}+BK(A-I)$
. , $(A^{2}, B)$ , $A^{2}+BW$
$W$ . , $I-A$ $K:=W(A-I)^{-1}$ $A^{2}+BK(A-I)$
.
5 (39) (41) (42) $DFC(\mathit{3}\mathit{8})$
$(A^{2}, B)$ $I_{n}-A$ .
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